There are few ectoparasites regularly associated with jumping mice of the genus Zapus. The tiny hypopial glycyphagid mite, Dermacarus newyorkensis, is nearly restricted to Zapus, and is found on all species and almost throughout the range of the genus. Androlaelaps fahrenholzi, a large laelapid mite, is common on Zapus throughout its range and also on many other species of small mammals. However, A. fahrenholzi as it occurs on Zapus appears to be different from that species as it occurs on Microtus and Peromyscus.
INTRODUCTION
Three species in the genus Zapus are currently recognized: Zapus hudsonius of eastern and northern North America, occurring W to Alaska and British Columbia in the N, and W to eastern Montana and Colorado in the contiguous United States; Z. princeps of western North America; and Z. trinotatus of coastal Washington, Oregon and California. Whitaker (1963a) reported that there are, only two very common parasites of Z. hudsonius in the E, both mites. They are Dermacarus newyorkensis, a rather host-specific hypopial or nonfeeding, immature stage (thus not really a parasite), and Androlaelaps fahrenholzi, a nonhost-specific laelapid mite.
The purposes of this study were to determine the species and relative abundance of ectoparasites of the three species of Zapus as they occur in western North America and to develop hypotheses concerning the evolutionary origin of this ectoparasite fauna. Krutzsch (1954) suggested eastern North America as the center of origin and dispersal of Zapus because it was inhabited by the most progressive zapodids, States is already available (Whitaker, 1963a; Whitaker and Mumford, 1971; Fain and Whitaker, 1973) . Materials for the present study were mostly collected during the summers of 1972 and 1973. Standard snap-back and museum special mousetraps were used to collect the animals. External parasites were collected by searching the fur while viewed under a dissecting microscope. Parasites were stored in alcohol and later transferred to Nesbitt's solution containing acid fuchsin stain. They were stained for a week or more, then were mounted on slides in Hoyer's solution, and the cover slips were ringed with euparal.
The principal parasites of Zapus were compared between species and from the various parts of the range within species to determine evolutionary and zoogeographical relationships. Also, parasites were compared between Zapus and other species in the same habitats to determine the extent of influence on the Zapus parasite fauna from this source.
Student's t-test was used to test for significance; df = degrees of freedom.
RESULTS

AND CONCLUSIONS
Information on ectoparasites and other associates of the fur of western Zapus is summarized in Table 1 . Included are data from a total of 30 Z. hudsonius, 69 Z. princeps, 72 Z. trinotatus and 12 Zapus sp. from California, collected by Gwilym and Diana B. Jones and a few additional individuals collected in the summer of 1971 by the author. An obvious conclusion that one can reach from data on external parasites of western zapodids is that relatively few forms are regularly associated with them. This is in keeping with studies on eastern zapodids (Whitaker, 1963a and b; Whitaker and Mumford, 1971) . Across the continent the only forms found regularly are the hypopial form of Dermacarus newyorkensis, the laelapid mite, Androlaelaps fahrenholzi and, in the W, chiggers of the genus Neotrombicula (particularly N. microti and a second one that appears new and, from our studies of many other hosts collected during this work, appears primarily restricted to Zapus) and the tick, Ixodes angustus.
A few species were taken that seemed to be accidentals or forms generally found on other species. Two of these were Neotrombicula harperi and Haemogamasus reidi, although the latter species occurs regularly on Z. trinotatus, except in Washington. A few miscellaneous chiggers were found, none regularly. Three species (11 individuals) of fleas were found on western zapodids, nine Megabothris abantis (from five mice), one Epitedia jordani and one Catallagia decipiens. Some other occasional species found (Table 1) were Ornithonyssus bacoti, Listrophorus mexicanus, Dermacarus hypudaei, Haemogamasus ambulans, Hirstionyssus isabellinus and Macrocheles sp. A few unidentified mites, most probably free-living, were found, but were not included in the table. Some of these records are evidence of occasional or accidental movement between species.
Dermacarus newyorkensis.-Dermacarus newyorkensis is common on all species of North American zapodids, sometimes being represented by hundreds of indi- (Jones and Whitaker, 1976) . Edwin J. Spicka is currently attempting to rear adults of this and other hypopial labidophorine mites in the laboratory. This species is nearly, but not entirely, restricted to zapodids (including Napaeozapus). It was described originally from Microtus pennsylvanicus (Fain, 1969) , but has not been reported since on that species. Rather, microtines generally harbor D. hypudaei (Fain and Whitaker, 1973) . In addition, D. newyorkensis has been reported on Peromyscus maniculatus (Fain et al., 1971 ) and on Sorex palustris (Whitaker and Schmeltz, 1973) . Dermacarus hypudaei is the normal form on Peromyscus, while Orycteroxenus soricis is the normal hypopus on shrews.
Dermacarus newyorkensis was found on Zapus hudsonius (Table 1 ) from six of the eight states and provinces from which we have samples (including New York and Indiana), being absent only in Nebraska (only three mice examined) and the Yukon (one mouse examined). It was on Z. princeps in six of the seven states from which that species was taken, being absent only from the one mouse of that species in Nevada. On Z. trinotatus it was found in British Columbia and Washington, but not in Oregon (seven mice) or California (three mice); also, it was not found on the 12 mice listed as Zapus sp. from California. More data are needed, but it appears that this mite may be absent from the southwestern part of the range of Zapus.
Morphological differences between populations of Dermacarus newyorkensis from zapodids from different geographical areas might be useful in assessing the relationships of the mice. As a pilot study along these lines, nine characters from individuals of D. newyorkensis from several areas and from the three recognized species of zapodids were examined in an attempt to assess the interrelationships of the populations of Dermacarus (Table 2) . Character states occurring in the majority of populations were assumed, on the average, probably to be closest to the ancestral condition. For example, most mites had body widths between 245 and 280 1pm. Ihus, populations with values falling within those limits were tabulated as "generalized" in that character. Populations with means outside this range were classed as derived. Using this method of tabulation for the nine characters (admittedly a low number), Dermacarus from Zapus princeps from British Columbia and Wyo- Another factor supporting British Columbia as an evolutionary center is the resemblance of Dermacarus on the three species of Zapus in British Columbia. As one progresses farther from British Columbia, differences from that stem type generally are greater; for example, the hypopi are smaller (in total length) in Washington and Indiana but larger in Utah.
Data for body width fit closely with those for body length, although perhaps this would be expected, as both are reflections of total size. The seta on femur I is long (and about the same length) in three populations of Zapus princeps (British Columbia, Wyoming, Utah) and on Z. hudsonius from Alaska. On Dermacarus from Z. hudsonius and Z. trinotatus from British Columbia it is considerably shorter, and in those from Washington, Colorado and Indiana it is the shortest. The proximal section of the anterior seta had means running mostly 9.5-12 ym. Only Dermacarus from Colorado and Utah were outside these values, and they had proximal sections that were considerably longer. The distal section of the anterior seta varied between populations, but only the Alaska population seemed to stand out from other character states, with a short distal section. The solenidion was longest in Dermacarus from British Columbia and Alaska and shortest in those from Indiana. The posterior setae from Indiana Dermacarus were shortest, while in those from Alaska they were noticeably longer. External claspers from Utah Dermacarus were much longer than in other populations, and were a little smaller than usual in individuals from Indiana and Washington. The internal claspers were smaller in individuals from Washington and Indiana, and larger in those from Utah.
These data suggest British Columbia as a likely evolutionary center for Dermacarus newyorkensis and thus of the zapodids, and Zapus princeps as being closest to the North American zapodid central stock.
Androlaelaps fahrenholzi.-Androlaelaps fahrenholzi was commonly taken on all. three species and throughout much of the range of Zapus. Androlaelaps fahrenholzi has probably the widest geographic range and the least host specificity of any mite in North America (see lists of Whitaker and Wilson, 1974) , and it occurs on many of the other mammals occurring with Zapus. Individuals of Androlaelaps fahrenholzi from Peromyscus, Microtus and Zapus from the same localities were examined to determine if gene flow was occurring between mites of this species between hosts. The assumption was that if mites moved freely between hosts, the morphological characters of mites from the three genera of mice at any one collecting site should be similar. Significant differences in structure would indicate lack of gene flow, i.e., lack of movement of mites between hosts.
Unfortunately, there were few areas where Androlaelaps fahrenholzi (preferably 10, but at least three individuals) was collected from Zapus, Peromyscus and Microtus. Small collections of A. fahrenholzi were available from all three genera from Mason Co., Washington, from the Cottonwood River, B.C., and from Vigo Co., Indiana.
Variation in 10 characters of Androlaelaps fahrenholzi was examined. From Mason Co., Washington, where 10 mites from Zapus trinotatus, five from Microtus and eight from Peromyscus were compared, mites from Zapus stood out clearly from those of the other two species in three of the 10 characters: anal plate length, distance from genitoventral plate to anal and body length (Fig. 1) . The means were significantly different (95% level) in two of these, anal plate length and body length (t= 2.49, 3.59, each with 2 df). Mites from Peromyscus and Microtus were similar in these three characters. Mites from the three genera were quite similar in anal plate width, length of genitoventral plate, body width and sternal plate length. Mites from Microtus and Peromyscus differed while those from Zapus overlapped and appeared to differ from neither in least width of sternal plate, greatest width of sternal plate and length of tarsus I. In view of these differences, it would appear that Androlaelaps fahrenholzi, as presently understood, has separate populations, with gene flow reduced or lacking, between these mites on Microtus and Peromyscus on the one hand, and Zapus on the other, in Mason Co., Wash. Collections from Hope, B.C., were made in the same field in both 1972 and 1973. Unfortunately, very few A. fahrenholzi were found on Peromyscus and Microtus there, although adequate numbers of mice of these genera were taken. These data did give a chance to compare samples from the same population from 2 different years and can serve as a yardstick against which to assess the kinds of differences seen in mites from different hosts at one locality. The means of these two forms were exceedingly similar in all 10 characters, with the greatest difference between means of any being 0.72 vs. 0.77 ,u m in the length of the sternal plate. None of the differences were significant. Only two mites from deer mice were examined from this area, but in three characters there was no overlap between the ranges, and the single mite from Microtus had measurements outside the range recorded for Zapus in five of the characters. Again, this constituted evidence that different forms of "A. fahrenholzi" exist between Zapus and these genera.
At Cottonwood River, totals of seven Androlaelaps from Zapus (six Z. princeps and one Z. hudsonius), four from Microtus and three from Peromyscus were examined. In this case, because of the small size of each, data for mites from Microtus and Peromyscus were summarized together. Characters of mites from Zapus were similar to those from Microtus and Peromyscus in anal plate length, distance between genitoventral and anal, and length of tarsus I. The ranges overlapped, but the Zapus means were outside the ranges for Microtus and Peromyscus in body width, body length, least width of sternal plate and anal plate width. The differences between the means were significantly different in body width and body length (t-3.67, 5.21, each with 12 df). There was no overlap of ranges between Zapus and the other two genera in lengths of the genitroventral and sternal plate lengths, although differences were not significant. Thus, A. fahrenholzi of Zapus appeared to be quite different from A. fahrenholzz of Microtus and Peromyscus in this locality.
The remaining locality studied was Vigo Co., Indiana, from which Androlaelaps fahrenholzi have been examined as follows: Zapus hudsonius, 10; Peromyscus leucopus, nine, and Microtus (pennsylvanicus and ochrogaster), nine. Mites from the three genera of mice were similar in distance between the genitoventral and anal plates, and length of the anal plate. There was no overlap between the ranges of mites from Zapus and those of either of the other genera in body length, or length of the genitroventral plate, and the body length means were significantly different between mites of Peromyscus and Zapus (t 2.50, 21 df).
There were three additional characters in which the range of Zapus overlapped the range of mites from Microtus only, and its mean was out of the range (or nearly so) of that of either Microtus or Peromyscus. In the last three characters, the ranges in mites from Zapus overlapped the ranges of mites from both the other genera, but the means in Zapus were outside the ranges (or nearly so) of the other two. In no case were the differences in the character states between mites on Microtus and Peromyscus in Vigo County of such magnitude as to indicate that they appeared to harbor separate stocks of Androlaelaps fahrenholzi.
Sample sizes are small and thus not all of the apparent differences were significant; but, nevertheless, the evidence indicates that Androlaelaps fahrenholzi of Zapus is different than that of Microtus and Peromyscus. It appears that the species currently known as A. /ahrenholzi is in need of further study to determine its distribution and relationships on different hosts and in different geographic localities. This "species" may actually be formed of a complex of closely related species.
Chiggers, p,rimarily Neotrombicula.-As a group, chiggers are the second most abundant external parasite of the western zapodids. The chiggers were primarily Neotrombicula microti, mainly of microtine rodents, and Neotrombicula sp., apparently new, which is presently under further study by Dr. R. B. Loomis of Long Beach State College, Long Beach, Calif. Chiggers are often rather nonhost-specific, and N. microti has been taken on a number of genera and species of mammals.
Neotrombicula microti was found on Zapus hudsonius in Minnesota and British Columbia, on Z. princeps in several northern areas, on Z. trinotatus in California, British Columbia and Oregon (but not on the 25 individuals from Washington), and none were taken on the 12 individuals from Nevada Co., Calif. Neotrombicula sp. was found on all three species of Zapus in British Columbia, on Z. princeps in Alberta and Wyoming, and on Z. trinotatus in California and Washington. A few other chiggers were found in small numbers, N. harp,eri, N. cavicola, Euschoengastia oregonensis, E. decipiens, Euschoengastia sp. and Shunsennia ochotona.
Radfordia ewingi.-Radfordia ewingi is found on zapodids only, and a number of individuals was found on Zapus and Napaeozapus in New York (Whitaker, 1963a, b) . However, none was found on Zapus in Indiana, and few were found on Zapus in the western United States (Table 1) .
Gliricoptes zapi.-This is a myocoptid mite described from Zapus (Fain and Whitaker, 1974) as a result of the present work. The species is known only from Zapus, and members of the genus are known only from Gliridae and Zapodidae.
Other species.-Several other parasites and associates were found on western Zapus in low numbers (Table 1) .
DISCUSSION
The various species of Zapus in North America have a rather small ectoparasite fauna, including mainly the hypopial form of a mite, Dermacarus newyorkensis, a laelapid mite, Androlaelaps fahrenholzi, and several species of chiggers, mostly of the Neotrombicula "microti" group.
There seems to be relatively little movement of ectoparasites between Zapus and the other small mammalian host species in the same localities with Zapus. Dermacarus newyorkensis is essentially restricted to the zapodids. There is no, indication that Gliricaptes zapi or Radfordia ewingi occur on hosts other than zapodids. Also, evidence presented here indicates that Androlaelaps /ahrenholzi does not move between Zapus and these species. Likewise, the chigger, Neotrombicula sp., appears to be primarily on Zapus. Another chigger, N. microti, and the tick, Ixodes angustus, occur both on Zapus and associated species, and may well move between them, but morphological comparisons have not been made to test this.
Since Zapus has affinities with Sicista and Eozapus of the Old World, it would seem likely that early North American zapodid stocks might have originated in Eurasia and migrated across the Bering Straits area. Eastern North America would seem unlikely by its geographic location as a center for early North American zapodid evolution. This would seem to leave us with the Northwest as a much more likely geographical area for the earliest North American zapodids to have entered and for speciation to have progressed.
Unfortunately, we have examined only two jumping mice from Alaska (Zapus hudsonius). However, it seems particularly pertinent that in the Northwest, specifi-cally in British Columbia, the one area where all three species of Zapus occur, all the major parasites of Zapus-Dermacarus newyorkensis, Neotrombicula microti, Neotrombicula sp., and Androlaelaps fahrenholzi-were taken, each on all three species of Zapus. In the East (Indiana and New York), Neotrombicula microti and Neotrombicula sp. drop out; whereas in California and Oregon, D. newyorkensis and N. microti are apparently absent. This would seem to support the general area of British Columbia as a possible evolutionary center, with isolation taking place primarily there. A progenitor of Zapus trinotatus could have moved southward and been cut off, with Z. princeps occurring throughout the Great Plains area, and Z. hudsonius making its way to the E. Zapus trinotatus would seem the least likely to be close to a progenitor species for the group as it is essentially isolated to the coastal areas and extends only as far N as southern British Columbia. Zapus hudsonius extends all the way to western Alaska, and Z. princeps extends into southeastern Alaska. Thus, either of these species would seem more likely as being closest to ancestral stocks. Since all the species of Zapus harbor the four main types of zapodid parasites, it seems likely that ancestral stocks also harbored them. In addition, since Gliricoptes is primarily a Eurasian form, it would seem likely that the progenitor also had this genus when it entered from Eurasia. Gliricoptes is found on all the purely western forms of Zapus under consideration (Z. princeps, Z. trinotatus and Zapus sp. from California), but not from Zapus hudsonius. This would seem to argue for Z. princeps as being closest to a likely progenitor, rather than Z. hudsonius. Zapus princeps occurs in the right area; it harbors all the main parasites, as well as Gliricoptes; and, in addition, it is the only species upon which have been found the four major forms of zapodid parasites outside of British Columbia.
Thus, this evidence supports Zapus princeps in the general area of British Columbia as being perhaps closest to the ancestral stock of the North American living zapodids.
Consideration of the ectoparasite, Dermacarus, might shed further light on this situation. Since D. newyorkensis is common on and essentially restricted to the species of Zapus and Napaeozapus, the progenitor of these forms might also have this species, or its progenitor. Fain (1969) described a hypopus, Dermacarus caucasicus, from Sicista subtilis from the Terskey district, N of Caucase, USSR. I have now found this species abundantly on four individuals of Sicista betulina from The Bialowieza Primeval Forest, Poland.
The occurrence of Dermacarus caucasicus rather than D. newyorkensis (or something similar to it) would seem to imply that Sicista is not particularly closely related to Zapus and Napaeozapus. I am presently attempting to obtain specimens of Eozapus, but few specimens have been taken of the one species in the genus, Eozapus setchuanus, and I have been unable to obtain any labidophorine parasites from it. A close relationship would indicate that D. newyorkensis or its progenitor arrived on an Eoza pus stock from Eurasia. The presence of Gliricopte,s only on Eurasian glirids besides the zapodids suggests that it arrived with the early progenitor from Eurasia also. Androlaelaps fahrenholzi is common on many species of rodents in both Eurasia and North America. Thus, it could have been established on Zapus after the establishment of this genus in North America, or it could have arrived on progenitor stocks. Knowledge of the other parasites of Eozapus would perhaps help determine whether this might be an ancestral stock and, if so, might indicate what species were on North American progenitors.
My present hypothesis is that Zapus moved into northwestern North America through the Bering Straits area, that progenitor stocks became established in the general area of British Columbia, where speciation occurred. The parasite fauna remained with the hosts throughout the process, with some deletions, but with little addition from associated species. Klingener (1963) gives information on evolution of early Zapus stocks, especially those leading to Z. hudsonius. Two assumptions made above perhaps need further discussion. One is that the parasites having the greatest number of characters closest to the mean values for the group are the more primitive. The logic involved assumes that, starting from an ancestral condition, evolution will occur in different directions in different evolutionary units (species) because of differing environmental situations. Fonns close to the base group thus should have changed relatively little (i.e., in few characters) from the ancestral situation, whereas highly evolved forms will differ in many characters. Using this logic, the forms with the greatest numbers of widespread characters should be most similar to the ancestral stocks. The method is not infallible, and preferably should be used with large numbers of characters, but I believe it can be useful for hypothesizing ancestral forms when fossil data are lacking or are inadequate. Other available data (fossil, if any exists, and geographical) should be examined to see if they support the hypothesis. One might suggest that all or many characters might prove beneficial to the whole group, thus might occur together, leaving a single very different, but primitive species. However, if this has occurred, then a new evolutionary plateau of closely related species has developed and the method at hand would allow one to hypothesize its base type, not its progenitor.
The other assumption is that the more primitive species of mouse have all the species of parasites found throughout the genus. Since the same parasites would not have evolved independently on the separate derived stocks, they must have occurred on the ancestral stocks; thus the ancestral stock should generally have all the parasites that are found on the separate species (unless secondary loss has occurred). Thus the primitive stock, whatever it is, should have the major zapodid parasites that are common to the derived forms. Forms occurring on only one of the derived forms would or could have originated from another source after the evolution of that form. Dermacarus newyorkensis, Androlaelaps fahrenholzi, Neotrombicula microti and Neotrombicula sp. occur on all three species, thus should have occurred on the ancestral stocks (assuming that A. fahrenholzi of Zapus is different from that species as it occurs on other genera). Rad/ordia ewingi also occurs on all three species of Zapus, thus should occur, or at least should have occurred, on the ancestral stock. This species occurred at very low rates throughout the study, and I suspect that additional collecting will show it to occur on Z. princeps in British Columbia.
